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(57) Abstract 

A resonant circuit tag (12) includes an integrated circuit (18) for storing data and an antenna circuit (22) for generating a first local 
field and resonating at a first predetermined radio frequency. A second circuit including an inductive coil (30) selectively generates a second 
local field such that a sum of the first and second local fields approaches zero. The second circuit thus allows the resonant tag (12) to be 
selectively decoupled from its environment. 



FOR THE PURPOSES OF INFORMATION ONLY 



Codes used to identify States party to the PCT on the front pages of pamphlets publishing international applications under the PCT. 



AL 


Albania 


ES 


Spain 


LS 


Lesotho 


SI 


AM 


Armenia 


FI 


Finland 


LT 


Lithuania 


SK 


AT 


Austria 


FR 


France 


LU 


Luxembourg 


SN 


AU 


Australia 


GA 


Gabon 


LV 


Latvia 


SZ 
TD 


AZ 


Azerbaijan 


GB 


United Kingdom 


MC 


Monaco 


BA 


Bosnia and Herzegovina 


GE 


Georgia 


MD 


Republic of Moldova 


TG 


BB 


Barbados 


GH 


Ghana 


MG 


Madagascar 


TJ 


BE 


Belgium 


GN 


Guinea 


MK 


The former Yugoslav 


TM 


BF 


Burkina Faso 


GR 


Greece 




Republic of Macedonia 


TR 


BG 


Bulgaria 


HU 


Hungary 


ML 


Mali 


TT 


BJ 


Benin 


IE 


Ireland 


MN 


Mongolia 


UA 


BR 


Brazil 


IL 


Israel 


MR 


Mauritania 


UG 


BY 


Belarus 


IS 


Iceland 


MW 


Malawi 


US 


CA 


Canada 


IT 


Italy 


MX 


Mexico 


uz 


CF 


Central African Republic 
Congo 


JP 


Japan 


NE 


Niger 


VN 


CG 


KE 


Kenya 


NL 


Netherlands 


YU 


CH 


Switzerland 


KG 


Kyrgyzstan 


NO 


Norway 


ZW 


ci 


Cote d'lvoire 


KP 


Democratic People's 


NZ 


New Zealand 




CM 


Cameroon 




Republic of Korea 


PL 


Poland 




CN 


China 


KR 


Republic of Korea 


PT 


Portugal 




cu 


Cuba 


KZ 


Kazakstan 


RO 


Romania 




cz 


Czech Republic 


IX 


Saint Lucia 


RU 


Russian Federation 




DE 


Germany 


LI 


Liechtenstein 


SD 


Sudan 




DK 


Denmark 


LK 


Sri Lanka 


SE 


Sweden 




EE 


Estonia 


LR 


Liberia 


SG 


Singapore 





Slovenia 
Slovakia 



Swaziland 

Chad 

Togo 

Tajikistan 

Turkmenistan 

Turkey 

Trinidad and Tobago 

Ukraine 

Uganda 

United States of America 



Viet Nam 

Yugoslavia 

Zimbabwe 



WO 98/43218 PCT/US98/05130 



TITLE OF THE INVENTION 
APPARATUS FOR MAGNETICALLY DECOUPLING AN RFID TAG 



BACKGROUND OF THE INVENTION 
Tagging of articles for identification and/or 

10 theft protection is known. For instance, many articles 
are identified using a bar code comprising coded 
information which is read by passing the bar code within 
view of a scanner. Many articles also include a resonant 
tag for use in theft detection and prevention. More 

15 recently, passive resonant tags which return unique or 
semi-unique identification codes have been developed. 
These tags typically include an integrated circuit (IC) 
which stores the identification code. Such "intelligent" 
tags provide information about an article or person with 

20 which the tag is associated which is detected in the zone 
of an interrogator or reader. The tags are desirable 
because they can be interrogated rapidly, and from a 
distance. U.S. Patents Nos. 5,446,447 (Carney et al . ) , 
5,430,441 (Bickley et al . ) , and 5,347,263 (Carroll et al.) 

25 disclose three examples of such intelligent tags. 

Radio frequency identification (RFID) tags or 
cards generally include a resonant antenna circuit 
electrically connected to the IC. The IC is essentially a 
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programmable memory for storing digitally encoded 
information. The interrogator, (transmit antenna) creates 
an electromagnetic field at the resonant frequency of the 
RFID tag. When the tag is placed into the field of the 
5 interrogator, an AC voltage is induced in the resonant 

antenna circuit of the tag, which is rectified by the IC 
to provide the IC with an internal DC voltage. As the tag 
moves into the field of the interrogator, the induced 
voltage increases. When the internal DC voltage reaches a 

10 level that assures proper operation of the IC, the IC 
outputs its stored data. To output its data, the IC 
creates a series of data pulses by switching an extra 
capacitor across the antenna circuit for the duration of 
the pulse, which changes the resonant frequency of the 

15 tag, detuning the tag from the operational frequency. 

That is, the tag creates data pulses by detuning itself, 
which changes the amount of energy consumed by the tag. 
The interrogator detects the consumption of energy in its 
field and interprets the changes as data pulses. 

20 Although such RFID tags or cards are known, 

there are still technical difficulties and limitations 
associated with the operation of such tags. One problem 
with attempting to read multiple RFID tags within an 
interrogation zone of the interrogator is that more than 

25 one tag may be activated by the interrogator at about the 
same time. When such tags are located proximate to each 
other, the fields generated by one tag can disturb the 
fields generated by another tag. This problem of mutual 
inductance is especially significant for RFID tags which 



- 2 - 



WO 98/43218 



PCT/US98/05130 



transmit their information by detuning, as described 
above. As a consequence, the effective reading distance- 
drops and the modulation of the tag can become completely 
ineffective due to the fact that such modulation depends 
5 upon the tag being in resonance (or close to it) . Thus, 

such detuning caused by other tags can make the reading of 
stored information impossible or nearly impossible. 

Yet another problem often encountered when 
reading intelligent tags or cards is a large variation in 

10 the received power, for instance, when the tag nears the 
power transmit antenna of the interrogator. As the tag 
approaches the transmit antenna, the received power 
increases, which can cause problems due to excessive 
voltage or power dissipation and, because of a decrease in 

15 tag Q, an inability to sufficiently modulate the tag with 
the data using the aforementioned detuning approach. Such 
detuning or modulation problems increase the difficulty of 
correctly reading the tag. 

Accordingly, there is a need for a method of 

20 preventing RFID tags from generating fields which disturb 
or affect other nearby resonant cards or tags. There is 
further a need for an RFID tag whose operation is not 
adversely affected by large variations in received power. 
The present invention fulfills these needs. 



25 



BRIEF SUMMARY OF THE INVENTION 
Briefly stated, in a first embodiment the 
present invention is a radio frequency intelligent 
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transponder. The transponder includes an integrated 
circuit for storing data and an inductor electrically 
connected to the integrated circuit. The inductor 
includes a first coil electrically connected to a second 
5 coil. A resonant capacitor is electrically connected to 
the integrated circuit and to at least one of the first 
and second coils, such that the resonant capacitor and the 
at least one connected coil have a first predetermined 
resonant frequency. A switch having a first position and 
10 a second position is provided for selectively allowing 

current to flow through the second coil. When the switch 
is in the first position, exposure of the transponder to 
an external field at or near the first resonant frequency 
induces a voltage in the inductor and causes a first 
15 current to flow through the inductor in a first direction, 
thereby generating a local field. When the switch is in 
the second position, exposure of the transponder to an 
external field at or near the first resonant frequency 
induces a voltage in the inductor and causes a first 
20 current to flow through the first coil in a first 

direction, thereby generating a first local field and a 
second current to flow through the second coil in a 
second, opposite direction, thereby generating a second 
local field. A sum of the first and second local fields 

25 approaches zero. 

In a second embodiment, the present invention is 
a radio frequency intelligent transponder comprising an 
integrated circuit for storing data and an antenna 
circuit. The antenna circuit comprises a first coil and a 



- 4 - 



WO 98/43218 



PCT/US98/05130 



resonant capacitor having a predetermined resonant 
frequency electrically connected to the integrated circuit 
for providing power to the integrated circuit and for 
transmitting the data stored in the integrated circuit to 
5 a device reader. Exposure of the transponder to an 
external field at a frequency near the predetermined 
resonant frequency causes a first current to flow through 
the antenna circuit in a first direction, thereby 
producing a first local field which couples the 

10 transponder with its environment. The transponder further 
comprises means for selectively generating a second local 
field, wherein a sum of the first and second local fields 
approaches zero, for selectively decoupling the 
transponder from its environment. 

15 In a third embodiment, the present invention 

comprises an intelligent resonant tag comprising an 
integrated circuit for storing data and a first antenna 
circuit electrically connected to the integrated circuit. 
Exposure of the first antenna circuit to an 

20 electromagnetic field at a first predetermined radio 
frequency induces a voltage therein, which produces a 
current flowing in a first direction therethrough, thereby 
producing a first local field. The induced voltage also 
provides power to the integrated circuit such that the 

25 data stored therein is read therefrom and transmitted at a 
second predetermined radio frequency. The tag also 
comprises means for generating a second local field which 
at least partially cancels the first local field generated 
by the first antenna circuit. 



- 5 - 



WO 98/43218 



PCT/US98/0S130 



BRIEF DESCRIPTION OF THE DRAWINGS 
The foregoing summary, as well as the following 
detailed description of preferred embodiments of the 
invention, will be better understood when read in 
5 conjunction with the appended drawings. For the purpose 
of illustrating the invention, there are shown in the 
drawings embodiments which are presently preferred. It 
should be understood, however, that the invention is not 
limited to the precise arrangements and instrumentalities 
10 shown. In the drawings: 

Fig. 1 is an equivalent electrical circuit 
diagram of an interrogator and a resonant frequency 
identification (RFID) device in accordance with a first 
embodiment of the present invention; 
15 Fig. 2A is an equivalent electrical circuit 

diagram of an alternate embodiment of an RFID tag in 
accordance with the present invention; 

Fig. 2B is a schematic diagram of the equivalent 
electrical circuit of Fig. 2A in an active state; and 
20 Fig. 2C is a schematic diagram of the equivalent 

electrical circuit of the RFID tag of Fig. 2A in an 
inactive state. 

DETAILED DESCRIPTION OF THE INVENTION 
Certain terminology is used in the following 
25 description for convenience only and is not be taken as a 
limitation on the present invention. In the drawings, the 
same reference numerals are employed for designating the 
same elements throughout the several figures. 
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The present invention provides a resonant RFID 
tag in which a net field produced by currents flowing 
through the tag caused by voltages induced in the tag by 
an externally applied field selectively approach zero. 
5 According to the present invention, an antenna of the tag 
comprises two coils or inductors and a switch. With the 
switch in one position, the currents flow through the two 
inductors in opposite directions such that the field 
generated by the current flowing through one inductor is 

10 essentially canceled by the field generated by the current 
flowing through the other inductor. With the switch in 
another position, the configuration of the tag circuit is 
changed such that no canceling current flows through one 
of the inductors and thus, no canceling field is 

15 generated. In this manner, the tag may be selectively 

decoupled from its environment . When the tag is decoupled 
from the environment, the tag does not generate fields 
which interfere with the operation of any nearby resonant 
tags . 

20 Referring now to Fig. 1, an equivalent 

electrical circuit diagram of an interrogator or reader 10 
and a resonant frequency identification (RFID) device or 
transponder 12 in accordance with the present invention is 
shown. The interrogator 10 includes at least a voltage 

25 source 14 electrically connected to a transmitter antenna 
or coil 16 for generating an electromagnetic field. 

The interrogator 10 and the transponder 12 
communicate by inductive coupling. Interrogators which 
communicate with a resonant tag or transponder by 
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inductive coupling are well known in the art. For 
instance, interrogators are described in U.S. Patents Nos. 
3,752,960, 3,816,708 and 4,580,041, all issued to Walton, 
all of which are incorporated by reference in their 
5 entirety herein. Accordingly, the interrogator 10 is not 
shown or described in detail. Suffice it to say that the 
interrogator 10 establishes an electromagnetic field at or 
near the resonant frequency of the transponder 12 . When 
the transponder 12 is close enough to the interrogator 10 
10 so as to be within the electromagnetic field, a voltage is 
induced in the transponder 12 . As the transponder 12 
moves into the field created by the interrogator 10, the 
induced voltage increases until a voltage level is reached 
which is sufficient to power the transponder 12 and permit 
15 the device to function according to its desired purpose, 
as described in more detail below. The interrogator 10 
may be physically implemented as a pair of smart pedestals 
(not shown) , as a hand-held RFID scanner (not shown) or in 
some other manner. 
20 The interrogation signal generated by the 

interrogator 10 is a preferably a generally continuous 
signal, as opposed to a periodic or pulsed signal. The 
interrogation zone is the area within the electromagnetic 
field in which a voltage is induced in the intelligent 
25 transponder 12 sufficient to power the transponder 12. 

Thus, the size of the interrogation zone is defined by the 
strength of the electromagnetic field. The interrogator 
10 can detect transmissions from a plurality of 
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transponders 12 (and thus their associated articles) 
located within the interrogation zone. 

Intelligent devices or transponders are 
generally known and applicable to a wide variety of uses. 
5 U.S. Patent No. 5,430,441 discloses a transponding tag 

which transmits a digitally encoded signal in response to 
an interrogation signal. The above disclosed tag 
comprises a rigid substrate constructed from a plurality 
of dielectric layers and conductive layers and includes an 
10 integrated circuit embedded entirely within a hole in the 
substrate and tab bonded to conductive foil traces. The 
transponder 12 of the present invention comprises an 
antenna circuit 20 electrically connected to an integrated 
circuit (IC) 18. Preferably, the antenna circuit 20 
15 comprises a resonant circuit which resonants at a 

predetermined radio frequency (RF) corresponding to a 
radio frequency of the interrogator 10, as discussed in 
more detail hereinafter. 

The antenna circuit 20 may comprise one or more 
20 inductive elements electrically connected to one or more 
capacitive elements. In a preferred embodiment, the 
antenna circuit 2 0 is formed by the combination of a 
single inductive element, inductor, or coil 22 
electrically connected with a capacitive element or 
25 resonant capacitor 24 in a series loop. As is well known 
to those of ordinary skill in the art, the operational 
frequency of the antenna circuit 20 depends upon the 
values of the inductor 22 and the resonant capacitor 24. 
The size of the inductor 22 and the value of the capacitor 
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24 are determined based upon the desired resonant 
frequency of the antenna circuit 20. In one embodiment t>f 
the invention, the transponder 12 is constructed to 
operate at 13.56 MHZ. Although it is preferred that the 
5 transponder 12 resonates at about 13.56 MHZ, the 

transponder 12 could be constructed to resonate at other 
frequencies and the precise resonant frequency of the 
transponder 12 is not meant to be a limitation of the 
present invention. Thus, it will be apparent to those of 

10 ordinary skill in the art that the antenna circuit 20 may 
operate at radio frequencies other than 13,56 MHZ, and 
indeed at other frequencies, such as microwave 
frequencies . 

A resistor 26 is shown connected in series with 

15 the first inductor 22 which represents an equivalent 

series resistance of the inductor 22 due to power losses. 
In addition, although the antenna circuit 20 comprises a 
single inductive element 22 and a single capacitor 24, 
multiple inductor and capacitor elements could also be 

20 employed. For instance, multiple element resonant 
circuits are known in the electronic security and 
surveillance art, such as described in U.S. Patent No. 
5,103,210 entitled "Activatable/Deactivatable Security Tag 
for Use with an Electronic Security System", which is 

25 incorporated herein by reference. Although a preferred 
antenna is described, it will be apparent to those of 
ordinary skill in the art from this disclosure that any 
means for coupling energy to/from the IC 18 may be used. 
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The present invention differs from such known 
deactivatable devices which include a switch for 
deactivating the resonant circuit of a resonant tag in 
that according to the present invention, the antenna 
5 circuit 20 is never deactivated. Rather, the circuit 20 
still resonates but the field created by the first 
inductor 22 is effectively neutralized by an offsetting 
field created by a second inductor, as discussed in detail 
below 

10 Preferably, the IC 18, provided for storing 

data, is a passive device which is powered by the voltage 
induced in the antenna circuit -20 by the interrogator 10. 
That is, when the transponder 12 is close enough to the 
interrogator 10 so as to be within the electromagnetic 

15 field, the voltage induced on the inductor 22 provides 

power to the IC 18 at the ANT input of the IC 18. The IC 
18 internally rectifies the induced AC voltage at the ANT 
input to provide an internal DC voltage source. When the 
internal DC voltage reaches a level that assures proper 

20 operation of the IC 18, the IC 18 functions to output a 

digital value stored in the programmable memory at the MOD 
output of the IC 18. 

One method of transmitting the data stored in 
the IC 18 to a reader (not shown) is through the use of a 

25 modulation capacitor 28 connected to the MOD output of the 
IC 18 and to the antenna circuit 20. According to this 
method, the data output pulses at the MOD output switch 
the modulation capacitor 28 into and out of the antenna 
circuit 20 by making and breaking ground connections to 
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change the overall capacitance of the circuit 20 in 
accordance with the stored data, which in turn changes the 
resonant frequency of the circuit 20, detuning it from the 
first predetermined resonant frequency to a predetermined 
5 higher frequency. Thus, data pulses of the transponder 12 
are created by the tuning and detuning of the resonant 
antenna circuit 20, such that instead of the antenna 
circuit 20 returning a simple single frequency response 
signal, it returns a signal containing a packet of 

10 preprogrammed information. Of course, as will be 

understood by those of ordinary skill in the art, other 
suitable means of modulation may be used with the present 
invention. Moreover, although this means of transmitting 
data to the reader performs adequately, the present 

15 invention uses a different means, as discussed in more 

detail below, to transmit the stored data to the reader. 

The packet of information (data pulses) is 
received and processed by receiving circuitry (not shown) 
usually associated with the interrogator 10. That is, the 

20 receiving circuitry senses the changes in the consumption 
of energy within the electromagnetic field of the 
interrogator 10 to determine the digital data value output 
from the IC 18. If necessary, the data is decoded by the 
interrogator 10 or circuitry associated therewith to 

25 provide identification or other information about an 
article or person with which the transponder 12 is 
associated. It is presently preferred to use a passive IC 
18 which is powered by the voltage induced in the antenna 
circuit 20. However, other means for powering the IC 18, 
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such as a battery, are within the scope of the present 
invention. 

The IC 18 may also include a power return or GND 
output and one or more additional inputs (not shown) which 
5 are used for programming the IC 18 (i.e. storing or 
altering the digital value stored therein) in a 
conventional manner. In the presently preferred 
embodiment, the IC 18 comprises 128 bits of nonvolatile 
memory. Of course, it will be apparent to those of 

10 ordinary skill in the art that the IC 18 could have either 
a greater or smaller storage capacity. 

Exposure of the transponder 12 to an external 
field, such as the field generated by the interrogator 10, 
at a frequency at or near the first predetermined resonant 

15 frequency induces a voltage in the antenna circuit 20, 

causing a first current I x to flow through the circuit 20 
in a first direction, as indicated by the arrow I x . The 
flow of the current I x through the circuit 20 produces a 
first local electromagnetic field. K drv:reg represents the 

20 magnetic coupling coefficient between the interrogator 
coil 16 and the first inductor 22; 

As previously discussed, the field generated by 
the flow of the current I x through the first inductor 22 
can interfere with the operation of other transponders or 

25 tags operating proximate to the transponder 12 . 

Accordingly, the present invention further comprises a 
second, canceling inductor or coil 30. In the embodiment 
shown in Fig. 1, the second inductor 30 is electrically 
connected to the first inductor 22. However, as will be 
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apparent to those of ordinary skill in the art from this 
disclosure, the second inductor 3 0 need not be 
electrically connected to the first inductor 22 in order 
to perform its desired function. A resistor 32 is shown, 
5 connected in series to the second inductor 30, which 

represents an equivalent series resistance of the inductor 
30 due to power losses. A switch 34 and a switch resistor 
36 connect the second inductor 3 0 to the antenna circuit 
20. The switch resistor 36 represents the equivalent 

10 series resistance of the switch 34. The second inductor 
30 is connected to the antenna circuit 20 such that when 
the switch 34 is closed and the transponder 12 is exposed 
to the external field generated by the interrogator 10 at 
a frequency at or near the first predetermined frequency, 

15 a voltage is induced in each of the first and second 

inductors 22, 30, causing respective the first current I x 
to flow through the circuit 20 in the first direction and 
a second current I 2 , to flow through the second inductor 
•30 in a second direction, opposite to the direction of the 

20 first current I lt as indicated by the arrow I 2 . The flow 
of the current I 2 through the second inductor 3 0 produces 
a second local electromagnetic field. Kd rV!Can represents 
the magnetic coupling coefficient between the interrogator 
coil 16 and the second (canceling) inductor 30. K 

rea:can 

25 represents the magnetic coupling coefficient between the 
first inductor 20 and the second inductor 30. Typically, 
IWres and Karv.cn ar ^ less than 0.01 and K res:Can is less than 
1 and greater than 0.4. 
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Preferably, the first and second local magnetic 
fields interact with each, other such that a sum of the 
first and second local magnetic fields approaches zero. 
That is, a net field produced by the currents that flow in 
5 the transponder 12 from the voltages induced in the 

transponder 12 by the interrogator 10 selectively approach 
zero. Thus, when the field proximate to the transponder 
12 is measured, the measurement approaches that of the 
field generated by the interrogator 10, as represented by 
10 the equation: 

h r I 1 + L C I 2 ==> 0 (1) 
where L r Ij is the magnetic flux produced by the first 
inductor 22 and L C I 2 is the magnetic flux produced by the 
second inductor 30. L r is the inductance of the first 
15 inductor 22 and L c is the inductance of the second 
inductor 30. 

The switch 34 is preferably an electronic switch 
connected to the second inductor 3 0 to either allow or 
prevent current from flowing therethrough. The electronic 

20 switch 34 may be any suitable device, such as a Field 

Effect Transistor (FET) and may be either separate from or 
integral with the IC 18. Optionally, the switch 34 has a 
memory so that the state of the switch 34 is maintained 
whether or not power is applied to the transponder 12. 

25 One example of such a switch 34 is an FET with a charge 
storage mechanism associated with its gate electrode, 
similar to that used in an EEPROM storage cell. 

According to the first embodiment, the switch 34 
has a first position and a second position for selectively 
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allowing a current to flow through the second coil 30. 
When the switch 34 is in the first position, the switch 34 
is open, and no canceling field will be generated when the 
transponder 12 is exposed to the external field produced 
5 by the interrogator 10. When the switch 34 is in the 

second position, the switch 34 is closed, thus allowing 
the second current I 2 to flow through the second inductor 
30 and create the second local field when the transponder 
12 is exposed to the external field produced by the 

10 interrogator 10. 

Analyzing the transponder 12 circuit, when the 
switch 34 is closed, the portions of L r and L c that are 
coupled to each other (via K re3:can ) have no voltage induced 
across them due to the currents I lf I 2 that flow through 

15 them. The voltages induced in the coupled portions from 

each current I 1# I 2 are equal, but opposite in sign so that 
they add up to zero. Thus, the coupled portions of L r and 
L c can be thought of as being absent for the next stage of 
analysis . 

20 The first inductor 22 has an induced voltage 

from the external field generated by the interrogator 10, 
with the induced voltage being generated across an 
equivalent series circuit comprising (1-K res:can ) L r (the 
uncoupled portion of the inductance) , resistor 26 and the 

25 resonant capacitor 24. Since the impedances of (1- 
Kr efl :can)L r and the resistor 26 are low relative to the 
impedance of the resonant capacitor 24, the combined 
impedance of these series elements is predominately 
capacitive and therefore the current I x of this series 
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circuit leads the induced voltage by about 90°. 
Similarly, the second inductor 3 0 has an induced voltage 
from the external field generated by the interrogator 10, 
with the induced voltage being generated across an 

5 equivalent series circuit comprising (1-K res:can ) L c , resistor 
32 and the switch resistance 36. Since the series 
resistance of the resistors 32, 3 6 is low relative to the 
impedance of (l-K reS{Can ) L c , the combined impedance of these 
series elements is predominately inductive and therefore 

10 the current I 2 lags the induced voltage by about 90°. The 
result is that the currents I x and I 2 have a phase 
relationship which approaches 180°. That is, the currents 
I x and I 2 essentially flow in opposite directions. The 
relative magnitudes of the currents I x and I 2 can be 

15 adjusted by controlling the values of the first and second 
inductors 22, 30 and K re3:can , by adjusting the number, size 
and relative placement of the turns of the inductor coils, 
as will be understood by those of ordinary skill in the 
art. Of course, when the relative magnitudes of the 

20 currents i! and I 2 are properly adjusted, the assumption of 
equation (1) above is true. 

As previously discussed, the transponder 12 
transmits the data stored in the IC 18 by tuning and 
detuning the antenna circuit 20. According to the present 

25 invention, the switch 34 is connected on one side to the 

MOD output of the IC 18 and on the other side to GND. The 
switch 34 is then moved between the open position and the 
closed position, in accordance with the stored data 
pattern, to tune and detune the antenna circuit 20, such 
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that the stored data is transmitted to the reader. Thus, 
the present invention uses the switch 34 and the modified 
antenna circuit 20 in lieu of the modulation capacitor 28 
to tune and detune the antenna circuit 20 and transmit 
5 data to a reader. 

Referring now to Fig. 2A, an electrical 
schematic diagram of a second preferred embodiment of a 
transponder 40 is shown. Similar to the first embodiment, 
the transponder 40 includes an IC 18, first and second 

10 inductors 22, 30, an equivalent resistance 26, a resonant 
capacitor 24, a switch 34, and a switch resistance 36. 
(The equivalent resistance 26 is for both the first and 
second inductor 22, 30) . The transponder 40 operates 
according to the same basic principles as the circuit 20. 

15 That is, the second coil 32 is provided to generate a 
canceling field, such that a sum of the local fields 
produced by the currents flowing through the first and 
second inductors 22, 30 approaches zero. However, 
according to the second embodiment, a current always flows 

20 through the second inductor 30. When the switch 34 is 
open (Fig. 2B) , the transponder 40 comprises a series 
circuit including the first and second inductors 22, 30, 
(shown collectively as 42) the resistor 26, and the 
resonant capacitor 24. While, when the switch 34 is 

25 closed (Fig. 2C) , a first current I x flows through the 
first inductor 22 and a second current I 2 flows through 
the second inductor 30, with the currents I x and I 2 flowing 
in opposite directions such that the generated local 
fields are canceling, as previously discussed. 
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The transponder 40 behaves according to the 

equations: 

6>L1 + coL2 = 1/wCl (2) 

Q = (coLl + coL2) / Rl (3) 
where LI is the first inductor 22, L2 is the second 
inductor 30, CI is the resonant capacitor 24, Rl is the 
series resistor 26, and co is the resonant frequency. Note 
that in Fig. 2B, the inductors 22, 3 0 are in series and 
are thus represented by a single inductor 42, where L = LI 
+ L2. 

If the ratio of the turns of the first and 
second inductors 22, 30 is chosen so that the current I 2 
flowing through the second inductor 3 0 produces a magnetic 
field which is equal in amplitude but of opposite sign as 
the field produced by the current I x flowing through the 
first inductor 22, then the transponder 40 does not unduly 
influence other transponders proximate to it, since it 
produces a net field of zero or near zero. This effect 
can be represented by the equation: 

I, = - (N1/N2) 2 k L1L2 I 2 (4) 
where k L1L2 is mutual inductance coupling factor and Nl and 
N2 are the number of turns of the first and second 
inductors 22, 30, respectively. The advantage of the 
second embodiment compared to the first embodiment is that 
the value of the resonant capacitor can be smaller in the 
second embodiment (since it is connected across both of 
the inductors 22, 30) . 

Preferably the switch 34 is normally open such 
that the tag is "active". The switch 34 may be controlled 
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by a signal line 44 from the IC 18. The signal line 44 
may be controlled by a sequencer within the IC 18. For " 
instance, when the transponder 12 has completed 
transmitting the data read from the IC 18, then the IC 18 
sets the signal line 44, thereby closing the switch 34 so 
that the transponder 12 is decoupled from its environment. 
The IC 18 may also include a timer which is used to 
determined the value of the signal, such that after a 
predetermined period of time, the switch 34 is opened and, 
if the transponder 12 is still within the external field 
generated by the interrogator 10, then the transponder 12 
retransmits its data message. Other means of controlling 
the switch 34 will be apparent to those of ordinary skill 
in the art . 

As previously discussed, the switch 34 is also 
preferably used to transmit the data stored (and read) 
from the IC 18 to the reader. That is, the switch 34 is 
turned on and off to essentially draw energy from the 
field created by the interrogator 10 and not, 
respectively, at rates that are equivalent to the rates at 
which the data would be modulated by other means. This 
mechanism for modulation results in a signal to the 
interrogator 10 which is indistinguishable from signals 
created using other modulation approaches. According to 
this method, after all of the data has been transmitted, 
the switch 34 is placed in the closed position so that the 
transponder 12 is decoupled from its environment. 

The switch 34 could also comprise a variable 
resistance element, such that the resistance of the 
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element can be controlled from nearly zero (the ON 
resistance of the switch), to essentially infinity (the OFF 
resistance of the switch) and to any value in between. 
Such in between values are useful for the purpose of 
5 determining how much power to draw from the external 

field. For example, if the value of the resistance is 
adjusted to a medium value (one between zero and infinity) 
a partial decoupling of the transponder 12 occurs, which 
is useful for the case in which the transponder 12 is 

10 immediately adjacent to the interrogator 10 and the 
external fields generated by the interrogator are 
especially strong. In a conventional circuit 
implementation, the power drawn from the external field 
has to be dissipated in the IC 18. As is known by those 

15 of ordinary skill in the art, this power can occasionally 
be high enough to overheat the IC and destroy it. The 
advantage of partially decoupling the transponder 12 from 
its environment is that this reduces the amount of power 
that can be collected from the external field, and 

20 therefore limits the power dissipation requirements of the 
IC 18. Likewise, the voltages that can be induced in the 
transponder 12 are minimized, and thus, the possibility of 
a breakdown due to excessively large induced voltages is 
reduced. 

25 It will be recognized by those skilled in the 

art that changes may be made to the above -described 
embodiment of the invention without departing from the 
inventive concepts thereof. It is understood, therefore, 
that this invention is not limited to the particular 
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embodiment disclosed, but is intended to cover any 
modifications which are within the scope and spirit of the 
invention as defined by the appended claims. 
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CLAIMS 

1. A radio frequency intelligent transponder" 
comprising : 

an integrated circuit for storing data; 

an inductor including a first coil electrically 
connected to a second coil; 

a resonant capacitor electrically connected to 
the integrated circuit and at least one of the first and 
second coils, the resonant capacitor and the at least one 
connected coil having a first predetermined resonant 
frequency; and 

a switch having a first position and a second 
position for selectively allowing a current to flow 
through the second coil, wherein when the switch is in the 
first position, exposure of the transponder to an external 
field at or near the first resonant frequency induces a 
voltage on the inductor and causes a first current to flow 
through the inductor in a first direction, thereby 
generating a local field and when the switch is in the 
second position, exposure of the transponder to an 
external field at or near the first resonant frequency 
. induces a voltage on the inductor and causes a first 
current to flow through the first coil in a first 
direction, thereby generating a first local field and a 
second current to flow through the second coil in a 
second, opposite direction, thereby generating a second 
local field, wherein a sum of the first and second local 
fields approaches zero. 
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2. The transponder of claim 1 wherein the 
voltage induced in the inductor is used to power the. 
integrated circuit, 

3 . The transponder of claim 1 wherein the 
first coil and the resonant capacitor resonate at the 
first resonant frequency when the switch is in the first 
position. 

4 . The transponder of claim 1 wherein the 
first coil, the second coil and the resonant capacitor 
resonate at the first resonant frequency when the switch 
is in the first position. 

5. The transponder of claim 1 wherein the 
switch is used as a modulation means to transmit the data 
stored within the integrated circuit. 

6. The transponder of claim 1 wherein the 
switch comprises an electronic switch. 

7 . The transponder of claim 6 wherein the 
switch is located within the integrated circuit. 

8. The transponder of claim 6 wherein the 
switch is normally in the second position. 

9 . The transponder of claim 1 wherein the 
switch comprises a variable resistance element such that a 
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magnitude of the second local field is variable, wherein 
when the second local field is not substantially equal and 
opposite to the first field, the transponder is not 
generally decoupled from its environment. 

10. The transponder of claim 9 wherein when the 
switch is in the second position, the transponder is 
partially decoupled from its environment, thereby reducing 
the amount of power collected from the external field. 

11. A radio frequency intelligent transponder 
comprising: 

an integrated circuit for storing data; 

an antenna circuit comprising a first coil and a 
resonant capacitor having a predetermined resonant 
frequency electrically connected to the integrated circuit 
for providing power to the integrated circuit and for 
transmitting the data stored in the integrated circuit to 
a device reader, wherein exposure of the transponder to an 
external field at a frequency near the predetermined 
resonant frequency causes a first current to flow through 
the first coil in a first direction, thereby producing a 
first local field which couples the transponder with its 
environment ; and 

means for selectively generating a second local 
field, wherein a sum of the first and second local fields 
approaches zero, for selectively decoupling the 
transponder from its environment . 
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12 . The transponder of claim 11 wherein the 
means for generating the second local field comprises a 
second coil . 

13 . The transponder of claim 12 further 
comprising a switch electrically connected to the second 
coil for selectively preventing the second coil from 
generating the second local field. 

14. An intelligent resonant tag comprising: 
an integrated circuit for storing data; 

a first antenna circuit electrically connected 
to the integrated circuit, wherein exposure of the first 
antenna circuit to an electromagnetic field at a first 
predetermined radio frequency induces a voltage therein, 
which produces a current flowing in a first direction 
therethrough, thereby producing a first local field, the 
induced voltage also providing power to the integrated 
circuit such that the data stored therein is read 
therefrom and transmitted at a second predetermined radio 
frequency ; and 

means for generating a second local field which 
at least partially cancels the first local field generated 
by the first antenna circuit. 

15. The intelligent resonant tag of claim 14 
further comprising means for varying a magnitude of the 
second local field, thereby varying a magnitude of the 
first field. 
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16 . The transponder of claim 15 wherein the 
magnitude varying means comprises a variable resistance 
element. 

17. The intelligent resonant tag of claim 14 
further comprising a switch for selectively generating the 
second local field, thereby selectively at least partially 
canceling the first local field. 

18 . The intelligent resonant tag of claim 14 
wherein the first antenna circuit comprises a first 
inductive coil electrically connected to a resonant 
capacitor. 

19. The intelligent resonant tag of claim 18 
wherein the means for generating the second local field 
comprises a second inductive coil electrically connected 
to the first inductive coil. 



20. The transponder of claim 14 wherein the 
integrated circuit comprises a non-volatile programmable 
memory . 
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